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(%) DELAY CIRCUIT.

@ A delay circuit wherein MOS ftransistors (21, 22)
for resistors for controlling the delay time of a CMOS
inverter (26) are inserted between the source of the
CMOS inverter (26) and power supply potentials
(GND, Vyq4) respectively and the respective sources
of the MOS ftransistors (21, 22) are connected with
the power supply potentials (GND, Vyq4) respectively.
Therefore, by changing the drain currents of the
MOS transistors (21, 22) the control voltages (V,, Vp)
thereof are changed respectively. The driving capa-
bility of the CMOS inverter (26) is consequently
changed, allowing the delay time of the inverter (26)
fo be regulated. Further, since the sources of the
MOS ftransistors (21, 22) are connected with the
power supply potentials (fixed potentials) (GND, V4q4)
respectively, the delay time being stable even
against disturbance is obtained.
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Technical Field

This invention relates to a delay circuit includ-
ing a MOSFET and which is used particularly in an
analog circuit.

Background Art

In general, an analog-type delay circuit utilizes
delay due to LC (L is an inductance and C is a
capacitor) or CR (R is a resistance). Especially in
an integrated circuit, it is difficult to form induc-
tance L, and therefore delay due to CR is utilized.

The principle of a delay circuit having such a
structure is shown in Fig. 1. In the case of provid-
ing this circuit with a variable delay function, the
value of capacitor C or resistance R is varied. In an
integrated circuit wherein a MOSFET has a variable
delay function, resistance R is constituted by a
MOSFET. Reference numerals 11 and 12 denote
inverters, IN is an input signal, OUT is a delay
output, and GND is a ground.

A conventional delay circuit having such a
structure is shown in Fig. 2. Ty and T, are com-
plementary MOSFETs (Metal Oxide Semiconductor
Field Effect Transistors) which are used as voltage
control type resistances. V, and V, are delay con-
trol inputs.

However, in a conventional variable delay cir-
cuit, the source potentials and drain potentials of
an N-type MOSFET (referred to as an N-type MOS
transistor) T+ and a P-type MOSFET (referred to as
a P-type MOS fransistor) T2, which are used as
resistances, change in accordance with an input
signal IN which passes through these MOS fransis-
tfors, which causes fluctuation of gate and backgate
potentials, varying the resistances of the above
MOS transistors dynamically.

Further, when the input signals IN pass through
the MOS transistors Ty and T», interference occurs
between each of delay control voltages V, and V,
and the input signal IN, due to a parasitic capaci-
tance between the channel and gate of each of the
MOS transistors T1 and T, resulting in a delay
time influenced by the input signal. In order to
eliminate this influence, the driving impedances of
the delay control voltages V, and V, should be set
at small values. However, obtaining a voltage
source having a small driving impedance is difficult
in terms of manufacturing techniques. In general, a
capacitor is used to attain a small impedance.
However, there is a limit to the capacitance of the
capacitor which can be formed in an integrated
circuit, making it difficult to completely eliminate
interference between signals.
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It is therefore the object of the present inven-
tion to provide a delay variable type delay circuit
wherein a delay time which is stable irrespective of
interference between signals can be obtained.

According to the present invention, there is
provided a delay circuit which comprises a first N-
type MOSFET having a gate to which a first delay
time control voltage is applied and a source con-
nected to a low potential power source; a first P-
type MOSFET having a gate to which a second
delay time control voltage is applied and a source
connected to a high potential power source; a
second N-type MOSFET having a gate to which an
input signal is supplied and a source to which a
drain of the first N-type MOSFET is connected; a
second P-type MOSFET having a gate and drain
which are connected respectively to the gate and
drain of the second N-type MOSFET, and a source
connected to the drain of the first P-type MOSFET;
and a capacitor having two ends, one end being
connected to the node between the drain of the
second N-type MOSFET and the drain of the sec-
ond P-type MOSFET, and the other end being
connected to one of the low potential power source
and the high potential power source. This delay
circuit is characterized in that a delay output signal
is extracted from the aforementioned one end of
the capacitor. Further, according to the present
invention, the delay circuit is characterized in that a
waveform shaping circuit is connected to one end
of the capacitor, and the delay oufput signal is
subjected to waveform shaping in the waveform
shaping circuit.

To be specific, according fo the present inven-
tion, resistance MOSFETs (the first N-type MOS-
FET and the first P-type MOSFET) for controlling
the delay time of a CMOS inverter (constituted by
the second N-type MOSFET and the second P-
type MOSFET) are inserted between the source
and power source of the above CMOS inverter.
When the drain currents of the aforementioned
resistance MOSFETs are decreased by adjusting
the first delay time control voltage and the second
delay time control voltage which are mentioned
above, the driving capacity of the CMOS inverter is
decreased, as a result of which rounding of the
waveform of the output from the CMOS inverter is
increased, prolonging the delay time of the CMOS
inverter. When the drain currents of the resistance
MOSFETs are increased, the driving capacity of
the CMOS inverter is increased, as a result of
which rounding of the waveform of the output from
the CMOS inverter is reduced, shortening the delay
time of the CMOS inverter. Thus, by changing the
first delay time control voltage and the second
delay time control voltage, the drain currents of the
resistance MOSFETs can be changed, whereby the
delay time of the CMOS inverter can be adjusted.
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Further, according to the present invention, the
sources of the resistance MOSFETs are connected
to power sources such that the potentials are fixed.
Therefore, there is no influence by disturbances. In
order to eliminate rounding, which is used for ad-
justing the delay time, from the waveform of the
output, that outfput is exiracted as a delay output
after being subjected to waveform shaping in the
waveform shaping circuit. In addition, the resis-
tance MOSFETSs are operated in a saturation state.

Brief Description of the Drawings

Fig. 1 is a diagram showing the principle of a
delay circuit;

Fig. 2 is a diagram showing a conventional
voltage control type delay circuit;

Fig. 3 is a diagram showing the delay circuit
according to one embodiment of this invention;
Fig. 4 is a diagram showing a concrete circuit
which constitutes a waveform shaping CMOS
inverter 12 in the delay circuit shown in Fig. 3;
and

Fig. 5 is a diagram showing a modification of the
delay circuit shown in Fig. 3.

Description of the Preferred Embodiment

One embodiment of the present invention will
now be described with reference to the drawings.

Fig. 3 is the diagram showing the circuit ac-
cording to the above embodiment. A part of this
circuit and the corresponding part of a conventional
circuit are denoted by the same reference numeral.
As shown in this drawing, a delay time control
voltage V,, is applied to the gate of an N-type MOS
transistor 21, and the source thereof is connected
to a ground GND which is used as a low power
source potential Vg. A delay time control voltage
V, is applied to the gate of a P-type MOS transis-
for 22, and the source thereof is connected to a
power source terminal 25 which is used as a posi-
tive high power source potential Vyq. An input sig-
nal IN is supplied to the gate of an N-type MOS
transistor 23, and the source thereof is connected
o the drain of the transistor 21. The gate and drain
of a P-type MOS transistor 24 are connected re-
spectively to the gate and drain of the transistor 23.
The above-mentioned connection results in forma-
tion of a resistor circuit R having a CMOS inverter
structure. In other words, according to the afore-
mentioned structures, A CMOS inverter is con-
stituted by the MOS ftransistors 23 and 24. Further,
the MOS fransistors 21 and 22 form a resistance
MOS transistor for controlling the delay time of this
CMOS transistor. The output terminal of the resis-
tor circuit R is grounded via a capacitor C. A delay
output signal OUT is extracted from the output
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terminal of the resistor circuit
waveform shaping CMOS inverter 12.

In the case of prolonging a delay time in the
delay circuit having the aforementioned structures,
the control voltages V,, and V, are decreased and
increased, thereby decreasing the drain current
which flows through the MOS ftransistor 22 into the
capacitor C and the drain current which flows from
the capacitor C through the MOS transistor 21, as a
result of which the driving capacity of the CMOS
inverter 26 is decreased, increasing the rounding of
the waveform of the output therefrom. In the case
of shortening the delay time, the control voltages
V, and V, are increased and decreased, thereby
increasing the drain current which flows through
the MOS ftransistor 22 into the capacitor C and the
drain current which flows from the capacitor C
through the MOS fransistor 21, as a result of which
the drive capacity of the CMOS inverter 26 is
increased, reducing the rounding of the waveform
of the output therefrom. In any case, the MOS
transistors 21 and 22 are operated in a saturation
range.

The output from the resistor circuit R, i.e., the
output from the CMOS inverter 26, is input to the
waveform shaping CMOS inverter 12 and subjected
to waveform shaping so as to eliminate the round-
ing used for the aforementioned delay, and is
thereafter extracted as the delay output OUT.

In the above-mentioned delay circuit, since the
source of each of the MOS fransistors 21 and 22 is
connected to a power source potential, the source
potentials of these fransistors are not interfered
with variations in the potential of the signal IN.
Further, since the transistors 21 and 22 are op-
erated in a saturation range, variations in the drain
current which occur due to variations in the drain-
source voltage are small, with the result that the
driving capacity of each of the transistors 23 and
24 can be reliably changed. The input signal IN
interferes with the delay control signals V, and V,
through the gate-drain capacitance of the MOS
transistor 21 and the gate-drain capacitance of the
MOS transistor 22. Therefore, the amount of inter-
ference is smaller than in the conventional circuit
shown in Fig. 1, which ensures an improved sta-
bilization of the circuit operation for delaying.

Fig. 4 is a circuit diagram showing a concrete
circuit which constitutes the waveform shaping
CMOS inverter 12. The CMOS inverter 12 includes
an N-type MOS transistor 31 and a P-type MOS
transistor 32 which are connected in series be-
tween the ground and the high potential power
source Vgyqg.

The present invention is not limited to the
aforementioned embodiment, and various other
embodiments can be realized without departing
from the scope of this invention. For example,

R through a
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according to the above-mentioned embodiment, the
capacitor C is connected to the ground potential.
However, it may be connected to the high power
source potential Vyq, as shown in Fig. 5.

Industrial Applicability

The present invention can not only suppress
the interference between the input signal and the
control signal of the CMOS inverter, but also en- 10
sure an operation which is stable irrespective of
disturbances. Therefore, the circuit of the present
invention is useful when being incorporated into a
circuit involving the switching operation which may
cause generation of noise. 15

Claims

1. A delay circuit comprising:

a first N-type MOSFET having a gate to 20
which a first delay time control voltage is ap-
plied and a source connected to a low poten-
tial power source;

a first P-type MOSFET having a gate to
which a second delay time control voltage is 25
applied and a source connected to a high
potential power source;

a second N-type MOSFET having a gate
to which an input signal is supplied and a
source to which a drain of the first N-type 30
MOSFET is connected;

a second P-type MOSFET having a gate
and drain which are connected respectively to
the gate and drain of the second N-type MOS-

FET, and a source connected to a drain of the 35
first P-type MOSFET; and

a capacitor having two ends, one end be-
ing connected to a node between a drain of
the second N-type MOSFET and the drain of
the second P-type MOSFET, and the other 40
end being connected to one of the low poten-
tial power source and the high potential power
source;

said delay circuit being characterized in
that a delay output signal is exiracted from 45
said one end of the capacitor.

2. The delay circuit according to claim 1, char-
acterized in that a waveform shaping circuit is
connected to said one end of the capacitor, 50
and said delay output signal is subjected to
waveform shaping in the waveform shaping
circuit.
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